Background: Active transportation (AT), independent mobility (IM), and outdoor time are promising ways to increase children's physical activity. However, in order to create interventions to increase those forms of physical activity, it is important to understand the relationships between area-level socioeconomic status (SES) and type of urbanization with AT, IM, outdoor time, and physical activity, and this was the aim of the study.
Background
Similar to many other developed countries, the majority of children/youth in Canada are not meeting the physical activity (PA) guidelines of 60 min of moderate-tovigorous physical activity (MVPA) per day [1] . Low levels of PA and high levels of sedentary behaviour are well-established correlates in the development of childhood obesity [2] . Furthermore, there is evidence that high PA and low sedentary behaviour in children/youth are associated with better cardio-metabolic health [3] and mental health [4] . Thus, there is a need to find effective ways for children to increase their activity levels on a daily basis.
Active transportation (AT) is any self-propelled transport and is a very accessible and feasible way for children to increase their habitual PA. A systematic review found that children/youth who actively travel to school acquire more daily PA than inactive travellers [5] . Despite the health benefits associated with AT in children (e.g., reduced stress levels [6] , lower incidence of metabolic syndrome [7] ), AT has decreased considerably in many countries in recent decades [8, 9] . Independent mobility (IM), which refers to children's ability to travel freely around their neighbourhood without adult supervision [10] , may be one of the factors that is driving the decline in AT among children. Previous studies have found that IM is associated with AT [11] , outdoor play [11, 12] , and overall PA [13] . However, IM has declined markedly over the last few decades [10, 14, 15] . The amount of time spent outdoors has been found to be positively associated with habitual PA [16] , MVPA, and step counts [17] in children. All these components are important as IM and AT may play critical roles in facilitating opportunities for engaging in outdoor time, and travelling to places like parks/playgrounds to play outdoors. However, in order to create interventions to increase PA, it is important to understand if or how social determinants such as area-level socioeconomic status (SES) and type of urbanization are related to AT, IM, outdoor time, and PA.
To date, few studies have investigated the relationship between area-level SES and AT, IM, outdoor time, and PA. Many studies have found that children from families owning fewer cars or with lower SES are more likely to use AT than children of more affluent families [18] [19] [20] . Veitch et al. [21] investigated the relationship between area-level SES and IM and found that children living in lower SES areas could visit more places without adult supervision in comparison to their peers from higher SES areas. With regard to PA, mixed results have been found with some studies finding significant differences between high and low SES and others not [22, 23] . Finally, for outdoor time one study found that children in lower SES households faced more restrictions regarding outdoor play than children from higher SES areas [23] .
Additionally, a limited number of studies have examined the relationship between the type of urbanization and AT, IM, outdoor time, and PA. Studies conducted in Canada and the United States indicated a higher prevalence of AT or greater time spent engaging in AT among children living in urban areas [24, 25] . In contrast, Seliske et al. [26] reported that Canadian children/youth living in areas with greater urban sprawl were more likely to accumulate at least 30 min of daily AT. With regard to IM, some studies suggest that children living in rural areas have greater IM than their urban counterparts [27, 28] , whereas others found no differences [29] . For PA, some studies have found that children from rural areas were more active than children from urban areas [30, 31] , whereas another found the opposite [24] . To our knowledge, no study has investigated the relationship between outdoor time and the type of urbanization in children.
The aim of this study was to examine the relationships between area-level SES and the type of urbanization with measures of AT, IM, outdoor time, and PA in elementary school children living in urban, suburban, and rural areas within three different regions in Canada.
Methods

Study design and participants
The active transportation, independent mobility, and PA among school children (ATIM) study was a multi-site, cross-sectional study designed to assess AT, IM, and PA habits of Canadian children in grades 4-6. Data were collected between March 2016 and June 2017 in Vancouver, British Columbia; Ottawa, Ontario; and Trois-Rivières, Quebec. In each testing site a purposive sampling method was used to select schools located in census tracts with varying SES (as estimated by the median household income according to the 2006 Canadian census). A pool of interested schools was generated, and two lower SES and two higher SES schools were recruited in urban, suburban, and rural areas at each site. In Vancouver, an additional urban school was recruited, thus 37 schools participated. Overall, 1951 children agreed to take part in the study (54.2% response rate). Of these, 1699 children (87.1%) returned at least the child or parent questionnaire and were included in the analytical sample. The 1699 included children were more likely to be girls (x 2 = 7.70; p = 0.006), reside in a suburban area (x 2 = 11.10; p = 0.004) and reside in Trois-Rivières (x 2 = 14.05; p = 0.001), and to have handed in their pedometer (x 2 = 446.88; p < 0.001). There were no other differences observed between those included and excluded.
Parents/legal guardians provided written, informed consent and written assent was provided by the children. The ATIM project was approved by the Research Ethics Board at the Children's Hospital of Eastern Ontario, University of British Columbia, and Université du Québec à Trois-Rivières as well as participating School Boards.
ATIM protocol
Participating children and one of their parents/legal guardians were asked to complete separate questionnaires regarding their or their child's travel behaviours and IM, respectively. The children also reported their age and gender, while the participating parent reported sociodemographic characteristics of the household. Starting the day after the distribution of the questionnaires, the child wore a pedometer for seven consecutive days to assess their PA. Both the child and parent questionnaires have been found to provide valid and reliable estimates of children's AT and IM [32] .
The children reported the number of active trips to and from various locations (e.g., school, friend's home, parks/playgrounds) for each day of the week. The number of trips to and from all destinations were summed to come up with the participant's total number of active trips over the seven-day measurement period.
Based on the six mobility licences proposed by Hillman [10] children were asked if they were allowed to do each of the following activities on their own: to cross main roads, travel to school, visit other places within walking distance, use public buses, cycle on main roads, and go out after dark. An IM index ranging from 0 to 6 was computed, with a score of 6 representing high IM [32] .
Outdoor time was assessed in the parent questionnaire through two categorical questions: (i) 'on a typical weekday, how much time does your child spend playing outdoors at the moment?' and (ii) 'on a typical weekend day, how much time does your child spend playing outdoors at the moment?' For both questions the participating parent chose from the following five alternatives: 'none' , '< 1 h' , '1-2 h' , '2-3 h' , and '> 3 h'. For all of the analyses the categories were condensed to '≤2 h' or '> 2 h'. These questions have been found to provide reliable estimates regarding the amount of time children spend outside on weekdays and weekend days [33] .
PA was objectively measured using sealed SC-StepRx pedometers (StepsCount, Deep River, ON, Canada). The participants wore the pedometers for seven consecutive days and were instructed to wear them at all times except when sleeping and during water-based activities. The SC-StepRX is a piezoelectric pedometer which provides valid measures of step counts and time spent in MVPA based on stepping frequency [34] . To be included in the analyses, participants had to have a minimum of three valid days (including one weekend day). These criteria were used because of the known variability between weekdays and weekend days in the literature [35] . Following Rowe et al.'s [36] rules, valid days were defined as those where between 1000 and 29,999 steps were recorded. Excluded days were replaced by the mean of valid weekdays or weekend days as appropriate. Daily step counts were then summed and divided by the number of valid days to provide the average number of The percentage of participating children from high and low socioeconomic status: High (Boys: 56.3%; Girls: 59.5%) and Low: (Boys: 43.7%; Girls: 40.5%) steps per day. Finally, average MVPA per day was calculated by summing the number of minutes in MVPA per day, which was defined as > 110 steps/minute [34] and dividing it by the number of valid days. Whenever the step counts for a given day was deemed "invalid" as per Rowe et al.'s [36] rules, the MVPA data for that day was also considered invalid and the same approach was used to replace the MVPA data.
Area-level SES was classified as 'low' or 'high' based on the median household income of the 2006 census tract in which the school was located, relative to the average income for the region (i.e., census metropolitan area). Household-level SES was controlled for in all analyses and was assessed in the parent questionnaire by asking questions related to parental education ('elementary school' , 'secondary school' , 'college' , 'university' , or 'graduate school'), home ownership ('owned their home' or 'rented a home from Council or Housing Association' or 'privately rented'), and car ownership ('no' , 'yes, 1 car' or 'yes, 2 or more cars'). For the analyses, parental education, home ownership and car ownership were recoded to: 'high school or less' , 'college' , or 'university'; 'yes I own' or 'no I rent'; and '≤1 car' or '≥2 cars' , respectively. Type of urbanization was classified as 'urban' , 'suburban' , or 'rural' according to the procedures described by Rainham et al. [24] .
Statistical analysis
Multiple imputation was done using the "mice" [37] package in R where 20 imputed datasets were generated with a maximum of 25 iterations per imputation. The predictive mean matching imputation method was used for continuous variables, the proportional odds model imputation method was used for ordered categorical variables, and the polytomous logistic regression method was used for unordered categorical variables. As recommended by Graham [38] , the imputation model included all of the variables of interest in our analyses in addition to several auxiliary variables that may improve the prediction of missing values (Additional file 1).
Values are presented as means and standard deviations, and differences between girls and boys were determined using multivariate analysis of variance. The relationship between area-level SES and type of urbanization and the number of active trips per week were assessed using Poisson generalized linear mixed models and presented as an incidence rate ratio (IRR). An IRR represents the percent change in the dependent variable given a one-unit increase in the independent variable. The relationship between area-level SES and type of urbanization and IM, number of steps per day, and number of minutes of MVPA per day were assessed using general linear mixed models. Finally, the relationship between area-level SES and type of urbanization and the amount of time spent outside on weekdays and weekend days was assessed using logistic generalized linear mixed models. All continuous independent variables in all of the models were centered using the grand mean. School was used as the level two variable and the intercepts were allowed to vary. All analyses were conducted using estimates from the 20 imputed datasets and the supplementary material in Additional file 2 presents the results for the complete cases only. RStudio 1.1.442 (Boston: RStudio, Inc.) was used for all analyses.
Results
The descriptive characteristics of the 1699 participants are shown in Table 1 . Overall, the participants had a mean age of 10.2 ± 1.0 years and 55% were girls. In comparison to boys, girls had statistically significantly fewer IM licences, steps per day, and minutes of MVPA per day. Table 2 shows the relationship between area-level SES and type of urbanization and the number of AT trips per week. For both boys and girls there were no statistically significant relationships between the number of active trips with area-level SES or type of urbanization. However, both boys and girls whose parents owned ≥2 cars reported fewer AT trips per week on average compared to their peers whose parents owned ≤1 car (IRR: 0.80; 95% confidence interval (CI): 0.77-0.84 for girls and 0.76-0.84 for boys).
No statistically significant relationship was observed between area-level SES and type of urbanization and the number of IM licences (Table 3 ). For girls, participants from Trois-Rivières had greater IM than their Table 4 and weekend days in Table 5 . For girls, those who lived in a suburban or rural area compared to an urban area had 2.10 and 2.04 greater odds of spending > 2 h outside on weekdays (95% CI: 1.24-3.56 and 1.17-3.58, respectively). For boys, on weekdays, there were no statistically significant relationships between arealevel SES and type of urbanization with the amount of outdoor time. For weekend day outdoor time, girls and boys who lived in lower SES areas compared to higher SES areas were at decreased odds of spending > 2 h outside (girls odds ratio 0.48; 95% CI: 0.32-0.71; boys odds ratio: 0.63; 95% CI: 0.41-0.97). For girls, those who lived in a rural area compared to an urban area had 2.34 greater odds of spending > 2 h outside on weekend days (95% CI: 1.44-3.79). No statistically significant relationships were found between type of urbanization and amount of time spent outside on weekend days among boys.
No statistically significant relationship was found between area-level SES and type of urbanization with the average number of steps per day (Table 6 ) and average minutes of MVPA per day (Table 7) in either girls or boys. In boys only, with every 1 year increase in age, average steps and minutes of MVPA decreased (β = − 478.02; 95% CI: − 778.04 --178.00 and β = − 3.67; 95% CI: − 5.55 --1.79, respectively).
Discussion
The aim of this study was to examine the relationships between area-level SES and type of urbanization with measures of AT, IM, outdoor time, and PA while controlling for household level SES. Overall, area-level SES and the type of urbanization were not associated with AT, IM, or PA for girls or boys. However, we observed that both boys and girls of lower SES areas had decreased odds of spending > 2 h outdoors on weekend days compared to their peers from higher SES areas. Girls living in suburban or rural areas were also more likely to spend > 2 h outdoors on weekdays compared to their urban counterparts.
Active transportation, socioeconomic status, and type of urbanization
A few studies have investigated the relationship between AT and SES in children. Two studies found that children from less affluent households were more likely to use AT than their more affluent peers [18, 39] . Another study found that children who live in low SES neighborhoods reported more AT to/from school than children from high SES areas [19] . In the present study we found no evidence that area-level SES was related to the number of active trips the children took. A couple of the aforementioned studies [18, 19] hypothesized that one of the reasons why children from lower SES areas have greater AT is that cars are less accessible, which is supported by our results. We found that girls and boys whose parents owned ≥2 cars reported fewer AT trips per week on average than their peers whose parents owned ≤1 car. Interestingly, two European studies have found that children who reside in more deprived areas were less likely to walk or cycle to school in comparison to their peers who live in higher SES areas [40, 41] . Aarts et al. [40] attributed the lower use of AT in low SES areas to neighbourhood characteristics such as perceived social cohesion and social safety. It could be hypothesized that the null findings in the present study regarding area-level SES could be due to the fact that regardless of SES level, parents overall perceive more danger in their neighbourhood now than 10 to 15 years ago (when the majority of other studies collected data), thus limiting their child's AT. Another possibility could be that car ownership has increased in low income areas in the past few decades. It is also important to note that the previous studies usually focused on the trip to/from school, whereas the present study included a range of destinations. We found no difference in the number of active trips between children living in urban, suburban, and rural areas. These findings are opposite to those of previous studies that examined AT beyond the trip to/from school among American children/adolescents [25] and adolescents in Nova Scotia, Canada [24] . The difference found between the two studies could be due to when the data were collected, 2017 in the present study and in 2001 in the study by Yang et al. [25] as it has been found that several countries are observing a consistent decline in AT [8] . Furthermore, the previous studies used different methodologies: Yang et al. [25] used telephone interviews and Rainham et al. [24] used global positioning CI confidence interval, p p-value, SES Socioeconomic status, τ 00 variance within the dependent variable between schools, N Number of schools, ICC Intraclass correlation coefficient, AIC Akaike information criterion systems to determine the amount of time spent engaging in AT.
Independent mobility, socioeconomic status, and type of urbanization
In this study we found that IM was not influenced by arealevel SES, which is consistent with a study by Schoeppe et al. [42] . The only significant difference observed for IM was between the sites. We found that girls from Trois-Rivières had 0.67 (p = 0.002) more IM licences than their peers from Ottawa. Ottawa is a larger city (1.38 million) than TroisRivières (159000) [43] and Canadians living in smaller cities tend to be less concerned about their personal safety from crime in comparison to residents of larger cities [44] . Parental perception of neighborhood street and sidewalk safety [45] and 'stranger danger' [46] have been found to be associated with IM. Therefore, one could speculate that parents in larger cities could perceive greater danger than those in smaller cities, and they may impose more restrictions on their children's IM. The absence of difference in IM between the type of urbanization concurs with findings from another study [29] .
However, two other studies suggest that children living in rural areas have greater IM than their urban peers [27, 28] . The differences between studies could be due to other factors such as: where the study took place (e.g., Canada and Australia vs. Finland and Belarus), the degree of urban density in the cities investigated, the layout of the city, or changes over time, as the other studies were done 10-15 years earlier.
Outdoor time, socioeconomic status, and type of urbanization
To the best of our knowledge, this is the first study investigating the relationship between outdoor time with area-level SES and the type of urbanization. We found that children living in lower SES areas had decreased odds of spending > 2 h outside on weekends compared to their peers from higher SES areas. A study by Dumoid et al. [47] found that children living in higher SES households had greater access to outdoor play equipment than children living in lower SES households. From a different perspective, Tandon et al. [23] reported that children in lower SES households faced more restrictions regarding outdoor play than children from higher SES households. Therefore, our results could reflect greater access to outdoor play equipment and/or more freedom to play outside among children in higher SES areas. We observed that girls living in rural areas had statistically significantly greater odds of spending > 2 h outside on weekdays and weekend days than their peers living in urban areas. A similar, but non-significant trend was observed in boys. A study by Matz et al. [48] found that rural Canadian children spent approximately 0.7 more hours outside than their urban counterparts, which they hypothesized was due to greater outdoor play and chores. These results could also be due to the fact that there is more room to play in rural areas and that these areas are perceived as safer by parents.
Physical activity, socioeconomic status, and type of urbanization
To date mixed results have been observed regarding arealevel SES and PA. In the present study we found that arealevel SES was not related to step counts or the amount of time spent in MVPA for girls or boys. This is consistent with another study who found that the amount of time spent in MVPA was not statistically different for children of low, middle, or high SES households [23] . However, a study by McCormack et al. [22] found that children in higher SES areas had greater odds of meeting the daily step count recommendations. With regard to type of urbanization, we found no differences for average steps or MVPA per day. This is inconsistent with the literature where studies have found that rural children have greater PA scores [31] and are more likely to be active [30] than children residing in urban areas. However, Rainham et al. [24] reported that youth living in rural areas in Nova Scotia were less active than those living in urban and suburban areas. Therefore, due to the inconsistencies in the literature, future studies investigating the relationship between area-level SES, the type of urbanization, and PA in children are warranted.
Strengths, limitations, and implications
This study was strengthened by its large sample size as well as the use of purposive sampling in order to include children from high and low SES areas as well as from MVPA Moderate-to-vigorous physical activity, B Unstandardized beta coefficient, CI Confidence interval, p P-value, SES Socioeconomic status, σ 2 variance within cluster groups (schools), τ 00 variance within the dependent variable between schools, ICC Intraclass correlation coefficient, R 2 / Ω 0 2 pseudo R 2 estimates, AIC Akaike information criterion urban, suburban, and rural areas, in three different regions of Canada. Additional strengths include the use of validated questionnaires to assess AT and IM [32] as well as the use of validated pedometers [34] . The inclusion of a range of destinations in the assessment of AT was an additional strength, as the majority of studies to date have just investigated AT in relation to trips to/from school. This study was limited by its cross-sectional design, which limits the ability to make causal inferences as well as its low response rate (54.2%). Additionally, the large amount of missing data was also a limitation that must be acknowledged. However, it is important to highlight that similar results were found when using multiple imputation and complete cases (Additional file 2). Another limitation was that AT, IM, and outdoor time were assessed by self-or proxy-reports and as such, these measures may be vulnerable to social desirability and recall bias. Finally, as recruitment only occurred in three regions across Canada, the results may not be generalizable to all Canadian children.
It is important to acknowledge that the effect of arealevel SES and type of urbanization may differ between countries. For example, developing countries are undergoing a rapid PA transition characterized by a shift from a lifestyle associated with high energy expenditure to a modern and more sedentary Western lifestyle [49] . In general, this shift is first observed in rapidly growing urban areas and then in suburban and rural areas. The transition is typically associated with a decline in AT and PA [49] [50] [51] . This underscores the need for collecting local data to inform the development of context-specific PA interventions. This paper has public health implications as it is well established that physical inactivity is associated with a higher risk of obesity, cardiovascular risk factors, and poor mental health [2] [3] [4] . Furthermore, previous research also indicates that children living in lower SES areas are at greater risk for obesity [52] . To counteract this risk, practitioners and policy-makers should ensure that PA opportunities are available for children living in low SES areas. Our observation that children attending schools in low SES areas were less likely to spend at least 2 h per day outside suggests that there may be a need for interventions in this area. For instance, schools could establish joint use agreements [53] with community partners so that facilities and equipment are available for children to play outside. Such interventions could also benefit children living in urban areas who spend less time outside.
Conclusions
Overall, area-level SES and the type of urbanization were not associated with AT, IM, or PA for girls or boys. Due to the fact that the literature is conflicting, future studies should use a common protocol in order for researchers to determine whether the inconsistencies are related to measurement issues or other factors. We observed that both girls and boys of lower SES areas had decreased odds of spending > 2 h outdoors on weekends than their peers from higher SES areas. This finding suggests that additional efforts should be implemented to offer outdoor play opportunities in lower SES areas and in urban areas. 
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